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Introduction
The U.S. Geological Survey (USGS) in 2008 completed an appraisal of undiscovered, technically recoverable, conventional oil and gas resources north of the Arctic Circle. Results of that Circum-Arctic Resource Appraisal (CARA) include aggregate resource estimates for the entire Arctic region (Bird and others, 2008; others, 2009, 2011a) and documentation of the geological framework and resource estimates for specific Arctic provinces Gautier and others, 2011b; Houseknecht and Bird, 2011; Houseknecht and others, 2012a, b; Klett and Pittman, 2011; Klett and others, 2011; Moore and others, 2011; Schenk, 2011a, b; Sørensen and others, 2011) . The procedures and methods used in conducting the CircumArctic Resource Appraisal are discussed in Charpentier and Gautier (2011) and Charpentier (2017, this volume) and the location and extent of the basins evaluated are delimited in others (2010, 2011) . The purpose of this chapter is to provide a synthesis of the petroleum geology of the Eurasian Basin Province, to present the reasoning and input parameters used for petroleum assessment of its constituent assessment units, and to report the complete results of the resource assessment for the province. 
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Eurasia Basin Province Description Boundaries
The Eurasia Basin composes the eastern part of the Arctic Ocean basin between the continental margin of Europe and the submerged Lomonosov Ridge and includes the North Pole. As defined for the Circum-Arctic Resource Appraisal (CARA), the Eurasia Basin Province encompasses those parts of the Eurasia Basin that have significant sedimentary cover plus the Cenozoic deposits on the adjacent, outer part of the Eurasia continental margin between Svalbard and the Laptev Sea ( fig. 1 ). The province includes the Pole Abyssal Plain in the Amundsen Basin, the Barents Abyssal Plain in the Nansen Basin, and other depocenters along the continental shelf edge and slope on the Barents, Kara, and Laptev Sea margins of Eurasia. The latter includes Sophia Basin, the outer Saint Anna Trough, the outer Voronin (Schmidt) Trough, and the Lena Prodelta. The southern margin of the province is defined as the updip limit of the Cenozoic continental terrace on the Eurasia continental margin in the south. The eastern margin is defined as the shelf-slope break of the continental margin in the Laptev Sea. The northern margin is the base of the continental slope of the Lomonosov Ridge, and the west margin is the westward limit of substantial thicknesses of sedimentary deposits against Morris Jessup Rise and Yermak Plateau in the Amundsen and Nansen Basins, respectively. The Eurasia Basin Province is bisected by the Gakkel Ridge, an actively spreading midocean ridge, which extends northward from the North Atlantic Midocean Ridge and separates the Amundsen Basin from the Nansen Basin. Although the ridge is largely barren of sediment along most of its length due to its young age, the eastern end of the Gakkel Ridge is covered by deposits shed into the Eurasia Basin from the Lena Delta in the Laptev Sea. Consequently, the Eurasia Basin Province displays a "V"-shaped map pattern that is open at its western end facing Greenland.
Defined in this way, the Eurasia Basin Province has a total area of 1,118,000 km 2 , with a length of 2,000 km and a width of 500-700 km. The province lies north of 80° latitude except for the continental slope of the Laptev Sea where it extends south to about 77° latitude. The province is entirely submerged at depths ranging from less than 200 m on the Eurasian continental margin to more than 4,000 m in the Amundsen and Nansen Basins. The province is bounded by the LomonosovMakarov Province to the north, the Barents Platform Province, East Barents Basins Province, Kara Sea and West Siberia Province, and Northwest Laptev Sea Shelf Province on the south, and the Laptev Sea Province on the east.
Geologic Setting
The Eurasia Basin is a historically ice-covered ocean basin that formed by seafloor spreading of the Lomonosov Ridge away from the Barents-Kara Sea continental margin of Eurasia beginning at 56-58 Ma and continuing today (Vogt and others, 1979; Brozena and others, 2003; Glebovsky and others, 2006) . Magnetic isochrons are well developed in the basin and document a close fit between the Lomonosov and Barents continental margins, indicating that the basin was formed by slightly asymmetric orthogonal spreading beginning at anomaly 24 or possibly 25 time (Vogt and others, 1979; Brozena and others, 2003; Glebovsky and others, 2006) (figure 2). The spreading axis for the basin is the Gakkel Ridge, an ultraslow spreading center that displays the slowest rate of spreading on the Earth (0.59 cm/yr) (Vogt and others, 1979) . Aeromagnetic anomalies indicate that prior to 33 Ma, the Gakkel Ridge had a somewhat faster rate of spreading (1.1 cm/yr) (Vogt and others, 1979) , although still considered to be slow relative to midocean ridges worldwide. Characteristics of ultraslow spreading present in the Eurasia Basin include (1) thin (1.9-3 .3 km) to mantle-dominated oceanic crust; (2) an absence of transform faults; (3) prevalence of discontinuous and point-source volcanic centers, (4) alternating magmatic and amagmatic ridge segments, (5) high levels of hydrothermal activity, and (6) rough (high-relief) basement topography (Cochran and others, 2003; Dick and others, 2003; Michael and others, 2003; Jokat and others, 2003) .
Spreading rates decline smoothly eastward in the basin toward the present pole of rotation, which is located near the Lena Delta. The proximity of the pole of rotation to the Gakkel Ridge is thought to be the chief explanation for the ultraslow spreading rates in the Eurasia Basin. Higher rates of spreading occurred prior to 33 Ma probably because the pole of rotation had a more southerly location, possibly as far south as Japan (Drachev and others, 1998) .
Although transform faults are mostly absent within the Eurasia Basin, the Gakkel Ridge is interpreted to terminate at a hypothetical transform fault, called the KhatangaLomonosov Fracture Zone by Drachev and others (2003) , that lies buried beneath late Cenozoic strata along the Laptev Sea continental margin ( fig. 2) . The presence of a transform fault at this location is supported by the truncation of rift-related structures and seismicity trends and by a disparity between the total amount of extension calculated for the continental margin in the Laptev Sea and the eastern Eurasia Basin others, 1998, 2003; Franke and others, 2001 ). Drachev and others (2003) proposed 140-150 km of right-slip separation on the transform and concluded that seafloor spreading does not extend onto the Laptev Shelf.
The western end of the Eurasia Basin displays a complex tectonic history that probably involved large-displacement transform faults. Since magnetic anomaly 10 (33 Ma), seafloor spreading in the basin has been linked to the North Atlantic spreading centers via a series of short spreading centers located in the Norwegian-Greenland Sea. Prior to 33 Ma, the time at which seafloor spreading began between the Yermak Plateau and Morris Jesup Rise, the Eurasia Basin probably terminated at a transform fault or triple junction located on the eastern side of the combined plateaus. This transform fault may have linked seafloor spreading in the Eurasia Basin to spreading in the Baffin Bay and Labrador Seas via the Nares Map showing major structural features of the Eurasia Basin, including isopachs, axis of the Gakkel Ridge spreading center, selected magnetic isochrons, continent-ocean boundaries, Khatanga-Lomonosov transform, rift grabens on Laptev Shelf, and hypothesized rift shoulder uplift along the Barents-Kara Sea continental margin. Also shown are locations of ACEX (Arctic Coring Expedition) scientific core site on the Lomonosov Ridge, heat flow measurements on the Laptev Sea margin (Drachev and others, 2003) , and pseudowells for burial history models (figs. [9] [10] [11] [12] [13] . Black lines show assessment unit boundaries from figure 1. Isopachs and continent-ocean boundaries from others (2009, 2011) ; magnetic isochrons from Glebovsky and others (2006) ; selected faults and grabens from Drachev and others (2003) . ULR, Ust Lena Rift; BSNR, Bel'kov-Svyatoi Nos Rift; AR, Anisin Rift. Inset map shows tectonic elements that intersect the Eurasia Basin. CO, Caledonian orogenic belt; UTO, UralianTaimyr orogenic belt; VO, Verkhoyansk orogenic belt; SC, Siberian craton. Figure 2 
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Strait in the Paleocene and Eocene (Brozena and others, 2003) and to a transform located between Greenland and Svalbard as well. Thus, a connection between the Eurasia Basin and the North Atlantic probably was not established until the Oligocene at the earliest.
Three major orogenic belts were truncated at high angle by the rifting that led to opening of the Eurasia Basin (Gee and others, 2006) . One of these is the Silurian and Devonian Caledonian orogenic belt, which consists of deformed metamorphic and igneous rocks that trend northward from Scandinavia under the Barents Sea to Svalbard toward the margin of the western Eurasia Basin. The Caledonian belt records the collision of Laurentia and Baltica in the early Paleozoic and is unconformably overlain by a flat-lying post-deformational Carboniferous to Cretaceous platform sequence that contains rich Triassic and Jurassic source rock strata and carbonate and siliciclastic reservoir strata. This platform sequence has given rise to the Nordkapp and Hammerfest petroleum accumulations in the Norwegian Barents Sea.
The second orogenic belt is the Uralian-Taimyr orogenic belt, which underlies the continental shelf in the area of the northwest Laptev Sea at the eastern end of the Eurasia Basin. This belt consists of metamorphic and sedimentary rocks that were deformed mainly in the Permian and Triassic, but the belt includes structures as young as Jurassic in Taimyr.
Between the two belts is the foreland basin for the Uralian and Taimyr orogens. The foreland basin deposits trend northward from Timan-Pechora under the eastern Barents Sea to Franz Joseph Land and interfinger westward with the platform deposits under the western Barents Sea. The foreland basin actively subsided primarily in the Permian and Triassic, but it was significantly impacted by synchronous extension that formed the deep basins beneath the modern eastern Barents Shelf (O'Leary and others, 2004) . Sediments shed from the Uralian orogen filled these basins in the Permian and Triassic, with deposition extending into the Jurassic and Early Cretaceous in Franz Joseph Land. The Saint Anna and Voronin (Schmidt) Troughs, which empty into deep-sea fans in the Eurasia Basin east of Franz Joseph Land, may be interpreted as the Cenozoic expression of the foreland basin. The forelandbasin deposits contain the giant Shtockman gas deposit in the eastern Barents Sea and display numerous dikes and veins of bitumen in Franz Joseph Land.
The Caledonian and Uralian-Taimyr belts and intervening foreland basin were truncated at a high angle by rifting and opening of the Eurasia Basin in the late Paleocene. The northern extensions of the belts are likely present on the Lomonosov Ridge, a sliver of continental crust that forms the conjugate, northern flank of the Eurasia Basin. Grantz and others (2001) reported that cores recovered from the Lomonosov Ridge near the North Pole contain Jurassic or Cretaceous deposits similar to the foreland basin deposits in Franz Joseph Land, substantiating this interpretation.
The third major orogenic belt is the Cretaceous Verkhoyansk fold-thrust belt, which was probably truncated by the opening of the Eurasia Basin in the Laptev Sea ( fig. 2,   inset ). This deformational belt involved westward thrusting of accreted terranes onto the western margin of the Siberian craton, but its location and character under the Laptev Shelf and hence at the continental margin is uncertain because of burial beneath Cenozoic syn-and postrift deltaic deposits of the Lena Delta.
The continental margin in the Laptev Sea is dominated by Tertiary horsts and grabens and extensional faulting caused by continental rifting related to seafloor spreading in the Eurasia Basin. Among these are the broad Ust' Lena Rift along the eastern margin of the Lena River Delta, the narrow Bel'kovSvyatoi Nos Rift along the western margin of the New Siberian island, and the broad Anisin Basin to the north (Drachev and others, 1998; Franke and others, 2001) . Sedimentary fill in the grabens typically is 4-5 km thick, but to the north and east of the Lena Delta it is as much as 13 km thick (Franke and others, 2001) (fig. 2 ). Some workers have proposed that the deeper basins contain sedimentary deposits of Riphean to Mesozoic age (for example, Sekretov, 2002 , and references therein), although other workers consider these sedimentary sequences to be no older than latest Cretaceous others, 1998, 2003; Franke and others, 2001 ). Drachev and others (1998) suggested that the sedimentary fill is consistently thinner eastward from one graben to another, a trend they attributed to a westerly decreasing graben age due to the westward movement of the Gakkel Ridge relative to the Laptev Shelf continental margin along the Khatanga-Lomonosov transform. The horsts and grabens were constructed primarily in the Paleocene and Eocene because younger extensional deformation was reduced by the northward migration of the pole of rotation into the Laptev Shelf area (Drachev and others, 1998 ).
Eurasia Basin Stratigraphy
Due to its remoteness and ice cover, the stratigraphy of the Eurasia Basin is poorly known, particularly in the region north of the Russian margin. Current understanding of the basin fill is derived from cores and geophysical data collected from drifting ice stations and, since 1991, a few icebreaker seismic reflection and refraction studies. These studies show that the Amundsen and Nansen Basins are asymmetric basins with flat abyssal plains and sedimentary sections that are thickest near their respective continental margins (Jokat and Micksch, 2004) . The sedimentary deposits in Nansen Basin are at least 4.5 km thick near the Barents-Kara continental margin and wedge out northward onto the Gakkel Ridge, with oceanic crust younger than about magnetic anomaly 12 (33-35 Ma) being partly to mostly barren of sediment (Jokat and Micksch, 2004; Geissler and Jokat, 2004) (fig. 3 ). Sedimentary fill is thinner in Amundsen Basin than in Nansen Basin, having a thickness that ranges from 1 to 3 km (Jokat and others, 1995; Jokat and Micksch, 2004) (fig. 2 ). Strata in both basins onlap onto progressively younger oceanic crust toward the Gakkel Ridge, reflecting the position of the figure 6 , column D. Diagram modified from Jokat and Micksch (2004) .
midocean ridge at the time of deposition of the strata. Basement topography in both basins is rough, with a relief of 1-2 km, which is attributed to the slow rates of spreading (Jokat and Micksch, 2004) . The continent-ocean transitions of both margins of the basin are characterized by down-faulted basement rocks rather than by seaward-dipping volcanic sequences. This indicates rifting was not accompanied by eruption of thick subaerial volcanic sequences (Geissler and Jokat, 2004; Jokat and others, 1995) . Sedimentary deposits in the Nansen Basin compose a continental rise and slope prism produced by sediment shed across the Barents-Kara Seas passive continental margin ( fig. 3 ). These deposits form offlapping prisms on the outer parts of the continental margin with clinoforms that extend down the slope and well out into Nansen Basin. Submarine fans are evident in the bathymetry along the Barents-Kara Sea continental margin and probably were formed in part during lowstands in the Pleistocene when rivers carrying glacial sediment debouched near the continental margin. Sedimentary slumping, slide scars, and deeply incised canyons are common in slope deposits along the margin leading to a rough slope topography (Geissler and Jokat, 2004) . These deposits are the product of a large flux of sediment transported across the continental shelf from the vast source areas in the Eurasia continental plate throughout the Cenozoic. The sedimentary fill of the Sophia Basin, more than 9 km thick, is much greater than that of the Nansen Basin, leading Geissler and Jokat (2004) to suggest that Sophia Basin may have formed initially as a rift basin in the Late Cretaceous prior to separation of the Lomonosov Ridge away from the Barents-Kara Sea continental margin. Gravity lows elsewhere along the margin (Geissler and Jokat, 2004 ) may indicate the presence of similar basins.
The sediment prism along the Lomonosov Ridge continental margin of the Amundsen Basin is diminutive compared to that of the Barents-Kara Sea continental margin (Jokat and others, 1995) . The Amundsen Basin continental margin prism was produced by sediment shed from source areas of relatively limited extent on the Lomonosov Ridge. Continental margin sedimentation ended at about 50 Ma at the time of subsidence and submergence of the Lomonosov Ridge (Jokat and others, 1995) . Since that time, sediment deposited in the Amundsen Basin consists of hemipelagic and pelagic deposits and distal turbidites derived from source areas in Siberia and Greenland (Jokat and Micksch, 2004; Kristoffersen and others, 2004) . Consequently, younger, flat-lying pelagic and hemipelagic deposits have buried the nascent continental slope and rise deposits and onlap the Lomonosov Ridge continental margin with a thin section of pelagic deposits draping the ridge ( fig.  4 ). Jokat and others (1995) estimated that the upper 600 m of sediment in the basin represent more than 40 m.y. of deposition because of the slow rate of sedimentation following submergence of the ridge.
The thickest sedimentary prism in the Eurasia Basin is the Lena Prodelta, which fills the southeastern end of the basin, burying the Gakkel Ridge and abutting against the Laptev Sea Shelf from the Lomonosov Ridge to the Taimyr Peninsula ( fig. 5 ). These sediments have been shed from the Lena Delta across the Laptev Sea Shelf and into the Eurasia Jokat and Micksch (2004) . Approximate positions of units AB-1 to AB-8 projected onto profile from Jokat and others (1995) . Depth scale relative to sea level. Explanation for colors in figure shown in figure 6 , column E. B, Part of seismic profile 91097 collected close to the Lomonosov Ridge, modified from Jokat and others (1995) . Seismic units AB-1 to AB-3 constitute locally derived passive-margin sequence of Lomonosov Ridge deposited before its submergence at ~50 Ma; seismic units AB-4 to AB-8 were deposited following submergence of the ridge and consist of flat-lying sediments that were probably shed from Greenland and (or) Siberia.
Basin, forming a delta second in size only to the Mackenzie River Delta in the Arctic Ocean. Rivers emptying through the Lena Delta drain much of central Eurasia, producing a total fluvial discharge that is the ninth highest in the world (Dai and Trenberth, 2002) . The deltaic sediments fill the rift grabens of the Laptev shelf and spill across the continental margin into the ocean basin, where the Lena Prodelta is located. The sedimentary strata in the prodelta are typically 1.5 to 8 km thick with the thickest successions being located at its eastern and western margins where the oceanic crust is oldest and deepest (Sekretov, 2002) . Nansen Basin in this part of the Eurasia Basin is shallower, has deeper basement, and has a thicker sedimentary section than does Amundsen Basin in the same area (Sekretov, 2002) . On seismic profiles, the Gakkel Ridge, buried by sediments of the Lena Prodelta, is a high-standing block with irregular topography and a pronounced median rift valley. The thickness of the overlying sediments is as little as 0.4 km over the flanks of the ridge and up to 6-7 km above the rift valley (Drachev and others, 2003) .
Utilizing the same seismic data set, Sekretov (2002) and Drachev and others (2003) arrived at different stratigraphic, structural, and tectonic models for the Lena Prodelta ( fig. 6 , columns F and G). Sekretov (2002) proposed that all oceanic crust in the southern part of the Eurasia Basin was created between 56 and about 33 Ma and that the Gakkel Ridge has been an inactive, passive structure since 33 Ma owing to the northward change in the pole of rotation for seafloor spreading at that time. Citing relations in the seismic reflection data, seismicity, high heat flow, and evidence of hydrothermal activity, Drachev and others (2003) , on the other hand, concluded that the Gakkel Ridge has continued to actively spread since 33 Ma, although at a reduced, ultraslow, rate. Sekretov (2002) further suggested that rift basins filled with Carboniferous to Cretaceous strata of the Siberian platform underlie the Eurasia Basin deposits at deep structural levels adjacent to the northwest Laptev Sea Shelf, whereas Drachev and others (2003) considered these seismic units to be Late Cretaceous or Paleogene rift deposits. Utilizing different seismic stratigraphic 
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Seismic reflectors
Top of basement Others Key uncomfority models, these workers seem to agree on a generalized prodelta stratigraphy consisting of a lower section of latest Cretaceous to Paleocene terrestrial to lacustrine early rift deposits, a medial section of widespread late Paleocene to Oligocene syn-extensional submarine-fan deposits, and a upper section of mildly-deformed Miocene to Quaternary, glacially influenced submarine-fan deposits.
Because no wells have been drilled in the Eurasia Basin or its margins, most workers compare the stratigraphy of the basin to that of the Lomonosov Ridge as determined by scientific coring near the North Pole by the Arctic Coring Expedition (ACEX) of the Integrated Ocean Drilling Program (IODP) Expedition 302 (for example, Moran and others, 2006; Backman and others, 2008) (fig. 6 , column A). The cores penetrated the entire 430-m-thick Cenozoic section on the Lomonosov Ridge, which is thin because it consists mostly of pelagic strata deposited atop the Lomonosov Ridge after separation from the Barents-Kara shelf at 56-58 Ma and subsequent subsidence below sea level.
The basal part of the ACEX section includes the regional rifting unconformity that separates the post-rift Cenozoic deposits above from prebreakup deposits below (O'Regan and others, 2008) . Paleontologic data indicate prebreakup deposits are Campanian, and seismic data suggest the cored interval was taken from a tilted half-graben sequence (for example, Grantz and others, 2001; Backman and others, 2008) . These relations suggest that the Campanian deposits represent the fill of a Late Cretaceous prebreakup rift basin that developed prior to the separation of the Lomonosov Ridge from the BarentsKara Sea Shelf.
Overlying the unconformity are 230 m of late Paleocene to middle Eocene (56 to 44 Ma) pelagic strata, including finely laminated, biosiliceous mudstone that is organic-rich ( fig.  6, column A) . This section contains a fossiliferous interval characterized by enormous quantities of the freshwater fern Azolla that was deposited at 48.6 Ma. The high total organic carbon (TOC) content in the Paleocene to middle Eocene section probably resulted from condensed sedimentation in an euxinic environment caused by salinity stratification similar that of the modern Black Sea (Stein and others, 2006) .
The lower part of the Cenozoic section on the Lomonosov Ridge is separated from the upper part by a disconformity that represents the period ~44 to 18 Ma (Backman and others, 2008) . This disconformity is associated with angular unconformities on the flanks of the Lomonosov Ridge (Y. Kristoffersen, oral commun., 2009) . O'Regan and others (2008) suggested the unconformity was caused by regional tectonic uplift, but the absence of a locally derived, syntectonic, sedimentary prism of the same age in seismic data along the flanks of the Lomonosov Ridge argues instead for local, current-generated erosion, possibly due to upwelling or changes in circulation patterns due to opening of the Fram Strait. This interpretation is supported by a 6-m-thick color-banded interval of early Miocene deposits, whose cross lamination suggests current activity. Assuming these sediments were derived from the eroded section now missing beneath the disconformity, the high TOC content (up to 14 percent) of the Miocene deposits suggests that the missing section may have included significant thicknesses of condensed deposits.
Overlying the mid-Miocene unconformity, there is an abrupt transition to low TOC, fossil-poor, silty clays with interspersed sand lenses and dropstones in the upper part of the Cenozoic section. The sandy, low TOC deposits indicate a change at about 17.5 Ma to glacial conditions and full oxygenation of the basin, probably due to deep opening of Fram Strait (Jakobsson and others, 2007) . This part of the section is 195 m thick and contains an upward-increasing amount of ice-rafted debris that records changes to seasonal ice conditions at about Jokat and others (1995) ; stratigraphy of column E is colored as in figure 4 and is used for burial history model of pseudowell AB ( fig. 13 ). Column F from Drachev and others (1998) and colored as in figure 5 . Column G, from Sekretov (2002) , is used for burial history models of pseudowells LP1 ( fig. 9 ) and LP2 ( fig. 10 ). Column D, colored as in figure 3 , shows stratigraphic age model constructed from Jokat and Micksch (2004) and is used for burial history models of pseudowells NBM ( fig. 11 ) and NB ( fig. 12 ).
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14 Ma and to expansion of continental ice sheets at ~3 Ma (Moran and others, 2006) . Backman and others (2008) showed that the sub-Miocene disconformity in the ACEX section corresponds to the top of a set of high-amplitude reflectors in seismic reflection profiles. These reflectors can be traced laterally into the Amundsen and Makarov Basins and onto the East Siberian continental margin slope (Jakobsson and others, 2007) . Mann and others (2009) used similar correlations to trace the condensed interval across the Amundsen Basin for the purpose of petroleum-system modeling. Because the reflectors mark widespread pelagic deposits that fell out of the water column, the ACEX cores potentially could be used as a guide for the interpretation of the age and depositional character of strata in seismic data for large parts of the Eurasia Basin. If present, the source rock interval may be increased in thickness by the presence of the 44-to 18-Ma section that is missing in the ACEX core due to erosion. The quality of the source rocks might be reduced, however, due to dilution resulting from interstratified hemipelagic deposits, including turbidites. A reduction of source-rock quality would be expected to be a particularly significant factor in the Lena Prodelta and in the slope and rise deposits along the BarentsKara Sea continental margin where turbiditic hemipelagic deposits dominate the stratigraphic section.
Petroleum Systems
There is no direct evidence of an active petroleum system in the Eurasia Basin Province. Geissler and Jokat (2004) reported "bright spots" in Neogene strata in seismic reflection data from the Sophia Basin that might be an indirect indicator of natural gas. Gas also was reported in post-Miocene strata that drape the adjacent Yermak Plateau to the west outside the province boundary (Stein and others, 1995; Geissler and Jokat, 2004) . The petroleum system for these possible hydrocarbon indicators is uncertain.
The primary source rock unit that hypothetically might be present in the Eurasia Basin is the high-TOC Paleocene to middle Eocene section observed in the ACEX cores from the Lomonosov Ridge ( fig. 6 , column A). These deposits compose a condensed section thought to have been derived from pelagic sediments formed in an anoxic to euxinic, salinity-stratified Arctic Ocean at a time when the climate in the Arctic was warmer and the basin was isolated from the world's oceans (Brinkhuis and others, 2006) . The sediments are organic rich because of high productivity of marine algae-type organic matter coupled with redeposited terrigenous organic matter from the margins of the basin (Stein and others, 2006) . The deposits in the ACEX section have TOC contents of 1 to 6 percent and even higher contents (as high as 14 percent) in the 6-m-thick early Miocene interval above the sub-Miocene disconformity. Hydrogen indices (HI) range from 100 to 350 and indicate a mixed Type II/Type III (terrigenous and marine) source, although Type III (terrigenous) source rocks also are common in the Paleocene part of the section (Stein, 2007) . The 110-m-thick early and middle Eocene (~50 to 44 Ma) interval was classified as having mainly good to very good source rock potential, although gas prone, by Stein and others (2006) and Mann and others (2009) . These strata are thermally immature at the ACEX core site on the Lomonosov Ridge and have not generated hydrocarbons owing to their shallow burial beneath less than 200 m of strata (Stein and others, 2006) .
Because the early and middle Eocene deposits evidently were formed by basinwide pelagic sedimentation when the Arctic Ocean was an isolated ocean basin, these potential source rocks might be present across the entire Arctic Basin and its margins (Brinkhuis and others, 2006; Houseknecht and others, 2012c) (fig. 7 ). This interpretation is supported by the existence of condensed deposits, typically including the Azolla interval, in the Beaufort and Chukchi Seas in Alaska, Mackenzie River Delta, and in the North Sea. Such strata may be the source of petroleum in the Mackenzie River Delta and eastern Alaska Beaufort coast (Houseknecht and others, 2012c) . If the early and middle Eocene source rock strata were deposited across the entire Arctic, conditions would be favorable for large-scale generation of petroleum throughout much of the Eurasia Basin, assuming sufficient thermal maturity.
Mann and others (2009) modeled the source rock characteristics of the Paleogene condensed interval in the Amundsen Basin using the seismic reflection profile of Jokat and others (1995) . They reported that the accumulated thicknesses of lower and middle Eocene strata with good and very good source potential are greater in the Amundsen Basin (up to 250 m) than on the Lomonosov Ridge (<110 m) due to higher sedimentation rates. If the late Eocene to early Miocene strata that are missing owing to erosion beneath the sub-Miocene disconformity on the Lomonosov Ridge are present in the Amundsen Basin and have good source rock characteristics, this thickness could be still greater. It is unclear whether the diluting effect of interspersed turbidites in the condensed section was accounted for in the model of Mann and others (2009) . The presence of turbidites would have the effect of increasing the total thickness of the source rock interval and overall rates of sedimentation without adding to the net thickness of condensed source rock strata. Thus, the early and middle Eocene source rock interval may appear to be thicker in the basin but not contain additional thicknesses of deposits with source-rock characteristics.
It is important to consider that the early and middle Eocene source interval may not be present in the southern part of Amundsen Basin near Gakkel Ridge. This is because Paleogene strata in the basin downlap southward from the Lomonosov Ridge onto oceanic crust that is diachronous and younger to the south. Oceanic crust that is closer to the Gakkel Ridge than that of magnetic anomaly 19 would be too young for the early and middle Eocene condensed sediments to have been deposited. If, on the other hand, condensed sedimentation extended into the early Miocene as hypothesized above, then condensed deposits could underlie most parts of Amundsen Basin that has significant sedimentary cover.
Assuming that early and middle Eocene condensed sedimentation occurred throughout the Arctic, a similar pattern
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The 2008 Circum-Arctic Resource Appraisal and quality of source rock strata with respect to the Gakkel Ridge could be anticipated to be present in Nansen Basin. Higher sedimentation rates, however, are calculated along the Barents-Kara continental margin, which might significantly dilute the overall quality of the source rock strata there. If the increased rate of sedimentation was due to deposition of turbidites derived from the continental margin, the thickness of condensed deposits might be similar to that in the Amundsen Basin, but have a higher total thickness because of being interstratified with significant thicknesses of hemipelagic deposits. It is also possible that condensed sedimentation in this part of the basin has been mostly or entirely overwhelmed by hemipelagic deposition, resulting in degradation of the source rock potential of the interval. Global sea level was very high during the Paleogene and if sea level in the Arctic was in communication with global levels there would be an increased likelihood that terrigenous clastic sediment was mostly sequestered on proximal shelf areas and that dilution of organic carbon in outer shelf and off-shelf areas was minimal especially during times of sea level highstand conditions. Other source rocks that might be present locally in the Eurasia Basin Province include Triassic and Jurassic condensed deposits of the Barents Shelf along the Barents-Kara Sea continental margin ( fig. 7 ). North of Franz Joseph Land, a 5-km-thick section of 3.7 km/s upper Paleozoic(?) to Cretaceous strata is interpreted to be present beneath 1 km of younger strata in seismic data (Kristoffersen, 2000) , suggesting the presence of such strata in the province. In Franz Joseph Land, thick units of Middle Triassic argillite and Upper Jurassic shale have yielded 0.93-2.68 and 7.12 percent TOC, respectively (Bezrukov, 1997; Klubov and others, 2000) .
Source rocks in the Lena Delta may include condensed strata deposited during times of high sea level stands. Sekretov (2002) reported evidence for multiple submarine fan complexes in seismic reflection data. The shale units that intervene between the complexes could be interpreted as condensed sediments deposited during the high stands. Deposition of icerafted sediment starting at about 18 Ma, however, would be expected to have significantly reduced the source rock quality of any condensed strata deposited since that time.
A key factor in determining the generative potential of the hypothetical source rock intervals discussed above is their thermal maturity, which is directly linked to the heat-flow the sediments have experienced through time. There are few thermal maturity data from the Eurasia Basin, and even less is known about the thermal history of the basin. Thermal maturation might be complicated because of heat-flow variability through time and space due to the seafloor spreading at Gakkel Ridge. Near the ridge, for example, heat flow in the basin should be extremely high due to the addition of new oceanic crust, whereas away from the ridge heat flow should be diminished because the basin is underlain by older, cooler oceanic crust. Accordingly, as sedimentation begins at a spot near the spreading center, accumulating sediments should be subjected to steadily diminishing heat flow through time as the underlying crust moves farther away from the site of active spreading.
Heat flow measured at midocean ridges typically diminishes asymptotically away from the ridge (McKenzie, 1967) . This observation suggests that a similar change might be expected with time through a stratigraphic section deposited on oceanic crust. For this reason, we have assumed variable heat flow through time following the curves of Wei and Sandwell (2006) in the calculation of burial history models in this paper. Drachev and others (2003) measured the heat flow on the Laptev Sea continental slope at 85-117 mWm -2 , and calculated that these strata were deposited on oceanic crust of 43 Ma age. This level of heat flow is appropriate for 43-Ma crust according to Wei and Sandwell (2006) , supporting use of their heat-flow-with-age model in the Eurasia Basin. Their model suggests that at the time of formation of oceanic crust the initial heat flow is about 250 mWm -2 , whereas the heat flow for 60-Ma crust is about 70 mWm -2 , values that we have accepted as the maximums and minimums for the burial history modeling presented in this paper. The minimum level of heat flow is similar to that of the continental crust under the Barents Sea.
Mann and others (2009) accepted the heat flow data of Drachev and others (2003) as representative for the Gakkel Ridge, but they assumed the heat flow was constant across the entire Eurasia Basin throughout the duration of sedimentation (that is, since 56 Ma). Due to the lack of data or wells in the basin, it is unclear whether the heat flow model used in this paper or the one used by Mann and others (2009) yields more accurate results. The validity of models of the generative capability of the basin hinge to a significant degree on this decision.
The seawater interface temperature and paleowater depth boundary conditions used in the burial history modeling also were assumed to decline as a function of age. However, in contrast to heat flow, these parameters are based on the age of the Eurasia Basin as a whole rather than the age of oceanic crust that underlies each model location (that is, pseudowell). This assumption stems from the interpretation that the Eurasia Basin rifted and opened at approximately the same time throughout the basin, an interpretation required by the Khatanga-Lomonosov transform at the eastern end of the basin and by the Paleogene age of rifting on the Laptev Sea Shelf. If, on the other hand, the Eurasia Basin had opened along a propagating rift, a major transform fault such as the KhatangaLomonosov transform would not be expected to be located so close to the pole of rotation for the basin. In addition, extensional faulting on the Laptev Shelf should have increased in the Neogene, which seems to be contradicted by the seismic observations of Drachev and others (1998) and Franke and others (2001) . For this reason, the boundary conditions for paleo-water depth and seawater interface temperature are assumed to be the same, although declining with time, at every pseudowell in the basin in the burial history models.
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Assessment Units
The assessment units defined for this study closely follow the structural domains of the Eurasia Basin ( fig. 1 ) because they control the location, extent, and configuration of sedimentary basins that may be prospective for hydrocarbons others, 2010, 2011) . The thickness, stratigraphy, facies, burial history, and structural evolution of the basins affect the size, number, and timing of formation of potential petroleum traps and petroleum generation and migration in the province. For purpose of petroleum resource assessment, the Eurasia Basin is divided into four assessment units (AUs) on the basis of its large-scale structural domains and physiographic features ( fig. 1 ). The four assessment units are (1) Nansen Basin AU, (2) Nansen Basin Margin AU, (3) Amundsen Basin AU, and (4) Lena Prodelta AU ( fig. 1) . A lithostratigraphic column and events chart summarizing the petroleum geology of the Eurasian Basin Province and the constituent AUs is shown in figure 8 . The potential petroleum resources of these AUs are evaluated separately in the following sections.
Lena Prodelta Assessment Unit
The Lena Prodelta AU contains no petroleum exploration wells and extremely sparse seismic data. This level of exploration places the Lena Prodelta into uncertainty category 4 on the scale used by the USGS for the Circum-Arctic Resource Appraisal (Charpentier and Gautier, 2011 ) (appendix 1).
AU Description
The Lena Prodelta AU encompasses the prism of sediment shed onto the continental slope and rise of the southern Eurasia Basin from the Laptev Sea Shelf (figs. 1 and 2). Its southern margin is the Laptev Sea shelf-slope break and its northern margin lies at northern depositional limit of southderived sedimentary strata of significant thickness on oceanic crust near the Gakkel Ridge. The eastern and western boundaries of the AU are placed at bathymetric inflections that indicate the lateral extent of sedimentary deposits that were clearly derived from the Laptev Sea Shelf. In addition, the AU includes the part of the adjoining continental slope of the East Siberian Sea that drains into the Eurasia Basin, located north of the New Siberian Islands and south of the Lomonosov Ridge. Thus defined, the Lena Prodelta AU lies entirely north of the Arctic Circle and has an areal extent of 177,000 km 2 . It lies at water depths ranging from as shallow as 100 m on the Laptev Sea continental margin to nearly 4,000 m in the Eurasia Basin.
The AU includes the deep-water, prodelta portion of the modern Lena Delta, shed from the ninth largest river system in the world (Dai and Trenberth, 2002) and composing the second-largest delta to the Mackenzie River Delta in the Arctic Ocean. The AU consists principally of late Paleocene and younger strata deposited on the actively spreading Gakkel Ridge and adjacent oceanic crust of the Eurasia Basin between the Lomonosov Ridge and the Eurasia continental margin north of Taimyr. Along the continental margin, the AU may be underlain by crust that includes unmapped fault blocks of continental crust with pre-Cretaceous sedimentary cover and (or) Late Cretaceous to Early Paleocene rift basin deposits. Seismic reflection profiles indicate that sedimentary thicknesses in the AU range from less than 0.5 km over the flanks of the Gakkel Ridge rift valley to more than 8 km on old oceanic crust and (or) in rift grabens near the Lomonosov Ridge and Taimyr continental margins. The early and middle Eocene condensed deposits with good source rock characteristics and regional extent are expected to be present in areas with the thickest sedimentary successions.
Geologic Model for Assessment
The geologic model for the assessment of the Lena Prodelta AU is a petroleum system that was generated from mixed terrigenous and marine organic-rich early Tertiary pelagic deposits that accumulated when the entire Arctic Ocean was a stratified, euxinic basin isolated from the world's oceans. Petroleum could have been generated from these deposits because of burial beneath a thick prodeltaic section and relatively high heat flow due to the proximity of the Gakkel Ridge spreading center. The reservoirs are hypothesized to be slope and submarine-fan sandstones deposited by Cenozoic drainage systems that were generated in the mountain belts of central Eurasia. These deposits directly overlie and (or) interfinger with the source rocks. Stratigraphic traps in reservoirs composed of submarine-fan channel and lobe deposits and extensional fault traps related to seafloor spreading in the Eurasia Basin provided the sites for accumulation of petroleum.
Geological Analysis of Assessment Unit Probability
The probability that the Lena Prodelta AU contains at least one undiscovered accumulation equal to or greater than the minimum accumulation size of 50 MMBOE prescribed by the methodology for the Circum-Arctic Resource Appraisal (Charpentier and Gautier, 2011; Charpentier, 2017, this volume) was determined from its geologic and petroleum system characteristics as reviewed below.
Charge.-Although there is no direct evidence of an active petroleum system in the AU, the good to very good quality source rocks of early and middle Eocene (50 to 44 Ma) age identified by scientific drilling on the Lomonosov Ridge are probably present beneath large parts of the AU adjacent to the continental margins of Nansen and Amundsen Basins. Assuming a simple model of seafloor spreading, strata of this age would be limited to those parts of the AU with oceanic crust older than magnetic anomaly 19. Although the relatively Bezrukov, 1997; Brinkhuis and others, 2006; Cochran and others, 2003; others, 1998, 2003; Embry, 1994; Jokat and others, 1995; Geissler and Jokat, 2004; Jokat and Micksch, 2004; Mann and others, 2009; Pease and Scott, 2009; Sekretov, 2002; Stein, 2007 . Source rocks column shows the percent of the world's total petroleum reserves generated by source (modified from Ulmishek and Klemme, 1990) . Average global temperature data is from Frakes and others (1992) and Barrett (2003) . Sea level curve is from Golonka and Kiessling (2002) and Hardenbol and others (1998) . Geologic time scale is that of Gradstein and others (2004) . Geologic chart modified from P.J. McCabe (written commun., 2006) . Abbreviations: A, Amundsen Basin Assessment Unit; L, Lena Prodelta Assessment Unit; N, Nansen Basin Assessment Unit; M, Nansen Basin Margin Assessment Unit; HALIP, High Arctic large igneous province. robust magnetic anomaly 13 has been identified in the AU, the positions of other magnetic anomalies under the Lena Prodelta AU have been difficult to locate owing in part to deep sedimentary burial beneath the deltaic sediments and possibly also to the localized nature of ultraslow seafloor volcanism. Projection from areas to the north where magnetic anomalies are known suggest that crust older than anomaly 19 should lie east of approximately 130° longitude and west of about 120° longitude ( fig. 7 ). This region also corresponds to those parts of the AU with the thickest sedimentary section.
If condensed sedimentation continued into the early Miocene as the ACEX coring results suggest, source rock strata might extend closer to the Gakkel Ridge, probably to near magnetic anomaly 6. Source rocks younger than about 18 Ma seem unlikely in the AU because sedimentary conditions changed at about that time to more oxygenated environments marked by the steady deposition of ice-rafted debris. This type of deposition would tend to despoil the source-rock quality of the condensed-facies strata.
Seismic reflection data and isopach maps in the Lena Prodelta AU show that the top of oceanic basement ascends irregularly from depths of more than 8 km to less than 2 km toward Gakkel Ridge from both the Lomonosov and Taimyr continental margins (Sekretov, 2002; others, 2010, 2011) . We have constructed a one-dimensional burial history model at pseudowell LP1 in the Amundsen Basin part of the AU to investigate the thermal maturation of one of the thickest depocenters identified in seismic reflection data (figs. 2 and 9). A second pseudowell in the inner rift valley (pseudowell LP2; figs. 2 and 10) was modeled to investigate the thermal history close to the Gakkel Ridge. To perform this analysis, we have used the seismic stratigraphy of Sekretov (2002) (fig. 6 , column G).
The location of pseudowell LP1, at the intersection of seismic lines 90704 and 90702 (Sekretov, 2002) in the Amundsen Basin, lies near the projected trend of magnetic anomaly 20, suggesting that the oceanic crust underlying the sedimentary section there was formed at about 46 Ma. Because the early and middle Eocene source rock interval was deposited from ~50 to 44 Ma, this pseudowell should contain only the upper part of the interval. Thus, the source rocks should lie at or near the base of the pseudowell section and beneath the largest part of the thick prodelta clastic sequence in this area.
The burial history model for pesudowell LP1 ( fig. 9 ) suggests that the early and middle Eocene source rock interval matured in the Eocene shortly after deposition, assuming a simple deposition history as outlined by Sekretov (2002) . The entire source rock interval is modeled as currently overmature. If the source rocks include strata as young as Oligocene or Miocene, however, the younger parts of the source rock interval could lie in the oil window. At higher levels of heat flow such as that assumed by Mann and others (2009) , even source rocks containing strata as young as Miocene would be expected to be overmature.
Pseudowell LP2 is located at shotpoint 1600 on seismic line 90704 (Sekretov, 2002) on an inner flank of the Gakkel Ridge near the Laptev Sea continental margin where heat flow might be expected to be at or above the levels of ~110°/m 2 measured by Drachev and others (2003) . Assuming this level of heat flow, source-rock strata deeper than 2 km are likely to be overmature ( fig. 10 ). Given the location of the pseudowell near the spreading center, all of the strata are likely to be late Miocene and younger and thus unlikely to contain source rock strata.
On the basis of this analysis, a probability of 0.6 was assigned for the charge parameter for the Lena Prodelta AU. This level of uncertainty reflects the probable presence of good quality source rocks in some parts of the AU, although they could be overmature because of the high heat flow associated with deposition near an active midocean ridge and subsequent burial beneath a thick section of clastic strata. As in other Tertiary deltas, vertical migration, perhaps along growth faults, and bed-parallel, updip migration away from the areas of generation and into regions of lower thermal maturity can be expected in this AU. In addition, the depth of burial of source rock strata is variable in the AU because of the high relief of the underlying oceanic crust, allowing the possibility that the source rocks are currently in the oil window in some areas. The level of uncertainty also reflects (1) the possibility that the entire system has been flushed by large quantities of thermogenic gas generated at depth such that no oil accumulations are preserved in the AU and (2) a general lack of knowledge about the depositional and paleoheat flow characteristics of ultraslow-spreading tectonic environments. The hypothetical petroleum system in the Lena Prodelta is classified as the Lena Prodelta Cenozoic composite total petroleum system (appendix 1).
Rocks.-Reservoir rocks in the Lena Prodelta AU are completely unexplored but are expected to contain lithic-rich siliclastic turbidites similar to those found in the deepwater parts of other major modern deltas. Sekretov (2002) noted several overlapping submarine fan complexes in seismic data and described channels, updip truncations, downlaps, slumps, erosional unconformities and extensional faults that would provide good stratigraphic and structural trapping geometries. The potential also exists for slope basins formed by growth faulting or by mass failure and deposition of shallowly buried pods of sandstone in ponded basins. These trap types seem likely to contain coarse-grained reservoir facies because the drainage basin that feeds the Lena Delta includes several major mountain belts, the Siberian craton, and covers much of north-central Eurasia. In addition, Drachev and others (1998) described several major unconformities in the Tertiary deltaic deposits in coastal areas in the Laptev Sea and proposed that they represent regional lowstands of sea level. If correct, the lowstands would have allowed large influxes of coarse-grained sediment to be delivered directly into the deepwater parts of the delta that constitutes this AU. Low-stand deposits might be expected at 56, 52, 49, 40, 36, 29, 24, 22, 16 , and 10 Ma if such deposition was due to changes in global sea level (Miller and others, 2005) . However, prior to about 17 Ma, the Eurasia Basin probably was isolated from the world's oceans; therefore, it is unclear whether lowstand deposition was responsive fig. 2 for pseudowell location). Stratigraphic section, shown in figure 6 , column G, is underlain by oceanic crust formed at ~46 Ma. Projected stratigraphic position of good quality early and middle Eocene source rocks identified in Arctic Coring Expedition (ACEX) core from Lomonsov Ridge shown by dark gray shading; hypothetical source rocks possibly deposited during period of nondeposition or erosion on Lomonosov Ridge indicated by light gray shading. Model suggests that early and middle Eocene source rocks began to mature shortly after deposition and currently are overmature, whereas source rocks of Oligocene and Miocene age, if present, are presently in the oil window. fig. 2 for pseudowell location). Stratigraphic section (Sekretov 2002) underlain by oceanic crust formed at ~10 Ma from (fig. 6 , column G). Model suggests that generation is possible even in areas underlain by young oceanic crust due to high heat flow. Source rock strata less than 10 Ma are unlikely, however, due to deposition of glacial sediments.
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The 2008 Circum-Arctic Resource Appraisal to changes in global sea level. Although good quality reservoir strata seem likely to be present, there is little information that would bear on their thickness and reservoir quality. As in the deepwater parts of other deltas, the coarse-grained deposits are assumed to be encased in hemipelagic mudstone that would provide good sealing geometries for most traps. Sandstones were derived in part from cratonal crystalline rocks, suggesting overall good reservoir quality. This information suggests generally favorable conditions for the existence of reservoirs, traps, and seals in the AU and accordingly, an uncertainty factor of 0.8 is assigned.
Timing and Preservation.-In the deeper depocenters near the Laptev Sea continental margin, the burial history modeling suggests that maturation of the early and middle Eocene source rock interval began in the late Eocene due to burial beneath deltaic sediments early in the history of the Eurasia Basin ( fig. 9 ). Fluids expelled would have migrated into nearby recently formed stratigraphic traps, along active extensional faults into related structural traps, and updip into stratigraphic and combination traps on the margins of the depocenters. Generation probably advanced northward and away from the major depocenters during the Neogene as progressively younger offlapping sequences were deposited on the delta. The potential for preservation of hydrocarbon accumulations is excellent because of reduced tectonic activity as seafloor spreading moved to more distal locations relative to the depocenters and because the AU has continued to subside throughout its history. However, Sekretov (2002) reported local seismic reflection evidence for mafic igneous intrusions into the sedimentary succession in the AU that potentially could have had an adverse impact on the preservation potential of any accumulations. A favorable uncertainty factor of 0.9 was assigned for timing and preservation.
Overall Geologic Probability.-The geologic probability of the presence of an accumulation of minimum size in the Lena Prodelta AU, the product of the three geologic and petroleum system probabilities discussed above, is 0.432 (appendix 1). This level of probability suggests that there is a 43 percent chance that the proper conditions to form at least one oil or gas accumulation of the prescribed minimum size (50 MMBOE recoverable) exists in this AU. This probability, determined from the geology of the AU, was compared to the probabilities determined for the other AUs evaluated by the CARA project to ensure internal consistency. A favorable probability for the Lena Prodelta AU is consistent with those from the deepwater parts of deltas of major river systems, which generally are considered prospective for petroleum on a worldwide basis. Petroleum discoveries to 1998 in the Mackenzie delta, for comparison, are estimated to be 1.7 BBO and 12 TCF gas (Chen and others, 2007) , with potential for substantially more resources (for example, Henry and others, 2006) .
The overall probability of 43 percent for the Lena Prodelta AU is greater than the 10 percent minimum necessary for a quantitative assessment under CARA methodology (Char pentier and Charpentier, 2017, this volume) . Accordingly, an assessment of the sizes and numbers of undiscovered accumulations, the petroleum composition, and other properties was completed for this AU and is discussed below.
Quantitative Assessment of Lena Prodelta Assesment Unit
The assessment of the Lena Prodelta AU utilized the analog-based assessment methodology described in Charpentier and Charpentier, 2017 , this volume) (appendix 1).
Analogs Used in this Assessment
Analog assessment units were selected from the USGS World Analog Database (Charpentier and others, 2008) for the purpose of estimating the number and sizes of undiscovered oil and gas accumulations in the Lena Prodelta AU. The analog AUs selected for use in this assessment consist of those with deltas and clastic slope, clinoforms, and turbidite depositional systems. This set of analogs was culled of those AUs containing salt structures because they are inappropriate for the Lena Prodelta AU, which doesn't contain salt deposits. The analog AUs selected for use in this assessment are the same as those provided in table 2 of Houseknecht and others (2012a).
Numbers of Undiscovered Oil and Gas Accumulations
The number of undiscovered accumulations was estimated from the discovered and undiscovered accumulations in the analogs normalized by area (that is, accumulation densities) as determined from the area and geologic characteristics of the Lena Prodelta AU. The median of the total accumulations was set at 45, near the median for the overall analog group. In view of the limited data from this AU, the minimum number of accumulations was set at 1, and the maximum at 100, conservative numbers and significantly lower than the average maximum of the selected analogs. The minimum, mode, and maximum ratios for oil/gas mix were set at 0.1, 0.3, and 0.5, respectively. These values reflect the measured mix of oil and gas products from the early and middle Eocene source rock strata (Mann and others, 2009) hypothesized to be present in the AU and the proximal position of the AU to sources of terrigenous kerogen throughout the time of deposition. Using this estimate of oil/ gas mix, the minimum, median, and maximum numbers of undiscovered oil accumulations were partitioned among oil and gas accumulations resulting in estimates for the minimum, median, and maximum numbers of accumulations for both oil and gas. Accumulations (all undiscovered) consisting principally of oil (all undiscovered) are calculated as 0, 8, and 50, respectively, at the minimum, median, and maximum. The minimum, median, and maximum numbers of accumulations consisting primarily of gas (all undiscovered) were estimated to be 1, 20, and 90, respectively.
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Sizes of Undiscovered Oil and Gas Accumulations
In consideration of the heavy weighting of the analog AUs toward small accumulations in the USGS World Analog Database (Charpentier and others, 2008) and because the Lena Prodelta AU is completely unexplored, relatively small accumulation sizes were favored. Accordingly, the minimum oil field size was set at the CARA minimum field size limit of 50 MMBO (Charpentier and Gautier, 2011; Charpentier, 2017, this volume) and the median oil accumulation size was estimated to be 120 MMBO by comparison with the distribution of field sizes reported in the USGS World Analog Database (Charpentier and others, 2008) . The maximum oil accumulation size was estimated to be 6,000 MMBO on the basis of the sizes of the largest known accumulations in the analog database and through use of the province geologist's estimate of the largest oil field size expected in the AU, which takes into account the geology of the AU. The latter estimate does not enter directly into the volumetric calculations but acts as a guide to judge the reasonableness of the calculated maximum oil field size at zero probability. Using an energyvolume equivalence factor of 6, we set the minimum, median, and maximum gas accumulation sizes at 300, 720, and 36,000 BCFG, respectively.
Coproduct Ratios and Ancillary Data
Coproduct ratios (gas/oil, natural gas liquids (NGL)/gas, liquids/gas) for the Lena Prodelta AU were estimated from average values reported in Charpentier and others (2008) . The median gas/oil ratio for undiscovered accumulations was estimated to be 1,000 cubic feet of gas per barrel of oil (CFG/ BO); the median NGL/gas ratio was estimated to be 25 barrels of natural gas liquids per million cubic feet of gas (BNGL/ MMCFG); and the median liquids/gas ratio in undiscovered gas accumulations was estimated to be 25 barrels of liquids per million cubic feet of gas (BLIQ/MMCFG). Median API gravity was estimated to be 38. We estimated drilling depths for undiscovered accumulations from the available seismic data, and water depths within the AU from Jakobsson and others (2004) . Drilling depth estimates for undiscovered oil accumulations range from 500 to 4,500 m, with a median of 2,000 m, whereas drilling depth estimates for gas accumulations range from 500 to 7,000 m, with a median of 3,000 m. Estimates of water depths for undiscovered oil and gas fields in the AU range from 100 m to 3,800 m, with a median of 3,000 m.
Results
Probabilistic estimates of volumes of undiscovered, technically recoverable hydrocarbons for the Lena Prodelta AU are summarized in table 1. These results include mean estimates of nearly 1 BBO, more than 1.5 TCF gas in oil fields (associated and dissolved gas), about 14 TCF gas in gas fields (nonassociated gas), and 414 MMB of natural gas liquid. The mean largest expected oil field size is calculated to be about 840 MMBO and the mean largest expected nonassociated gas field size is calculated to be about 8 TCF.
Nansen Basin Margin Assessment Unit
The Nansen Basin Margin AU contains no petroleum exploration wells and very sparse seismic data. This level of exploration places the Eurasian flank of the Nansen Basin into uncertainty category 4 on the scale used by the USGS for the Circum-Arctic Resource Appraisal (Charpentier and Gautier, 2011) (appendix 2).
AU Description
The Nansen Basin Margin AU consists of the continental slope, rise, and terrace sedimentary prism of the Barents and Kara Seas passive margin of the Eurasia Basin (figs. 1 and 2). This AU corresponds to the "Prograded sedimentary succession across predominately rifted passive margin" unit of others (2010, 2011) along the Eurasia Basin margin. others (2010, 2011) defined the updip limit of Cenozoic deposits on the outer part of the Barents-Kara Sea Shelf as the southern limit of this unit and placed the northern boundary of the unit at an inflection in bathymetry that corresponds to the base of the continental rise in the Eurasia Basin. We have accepted these boundaries as the northern and southern limits of the Nansen Basin Margin AU. The eastern boundary of the AU is at the eastern limit of continental rise, slope, and terrace deposits derived from the Barents-Kara Sea margin of the Eurasia Basin (that is, at the margin of the Lena Prodelta). The western limit of the AU is placed at the limit of significant thicknesses of sediments at the eastern margin of Yermak Plateau. As so defined, the Nansen Basin Margin AU has an areal extent of 291,000 km 2 . It lies entirely north of the Arctic Circle at water depths that range from less than 100 m to more than 3,500 m in the Eurasia Basin.
The Nansen Basin Margin AU consists principally of the Cenozoic clinoform deposits that offlap the continentocean boundary of the southern Eurasia Basin. In the Eurasia Basin, the clinoforms rest on late Paleocene to middle Eocene oceanic crust, whereas south of the continent-ocean boundary they rest on continental crust. The continental crust west of Franz Joseph Land consists of deformed and metamorphosed rocks formed during the Silurian and Devonian Caledonian deformational event covered by a thin sequence of Carboniferous to Cretaceous platform strata. From Franz Joseph Land to the Laptev Sea, the continental crust likely consists of Neoproterozoic metamorphic and igneous rocks and the Ordovician to Permian platformal cover sequence that is characteristic of northern Baltica (Pease and Scott, 2009) . A thick sequence of Permian to Cretaceous foreland basin deposits derived from the Uralian and Taimyr orogens forms a depositional trough that rests on these deposits in the area in and around Franz Joseph Land.
The linear arrangements of the Svalbard Franz Joseph Land, and Severnaya Zemlya archipeligos near the edge of the continental margin on the Barents-Kara Sea Shelf suggest that they may represent the remnants of the rift shoulder uplift that formed at the time of opening of the Eurasia Basin in the late Paleocene ( fig. 2) . This interpretation is supported by evidence for cooling at 56 Ma in fission track data collected in Svalbard (Blythe and Kleinspehn, 1998) , although these data have been complicated by younger rifting in the Greenland-Norwegian Sea and by the isostatic effect of removal of thick ice sheets in this area in the Pleistocene. If a rift-shoulder uplift is present, it would have significant implications for petroleum exploration in pre-Cenozoic of the Eurasian continental shelf as discussed below.
Seismic-reflection data published by Jokat and Micksch (2004) and Geissler and Jokat (2004) show that the passive continental margin of Nansen Basin is marked by numerous normal faults that drop continental basement down toward Nansen Basin and form local traps for sediment. A particularly large basin in this tectonic location is Sophia Basin near the Yermak Plateau. This basin has a sedimentary thickness of as much as 9 km. On the basis of its large thickness, Geissler and Jokat (2004) suggested that it represents a rift basin that predated opening of the Eurasia Basin. Gravity anomalies identified along the continent-ocean transition suggest the presence of other similar basins. Jokat and Micksch (2004) divided the seismic stratigraphy along the passive margin of Nansen Basin into four units that have a total maximum thickness of about 4.5 km. The lowest unit (unit IV) is the thickest (~1,800 m) and probably records deposition during the initial opening phases of the Eurasia Basin in the Paleocene and early Eocene. Unit III is ~900 m thick and appears to represent deposition in the late Eocene to the time of opening of Fram Strait in the Miocene. Unit II (~700 m thick) corresponds to Unit NB-2 of Geissler and Jokat (2004) , which displays evidence of current activity and is therefore thought to have been deposited following development of a deepwater passage through Fram Strait. Unit I, the highest unit and about 600 m thick, corresponds to Unit NB-3 and related units of Geissler and Jokat (2004) that are known to be younger than 2.6 Ma from scientific drilling on Yermak Plateau. These deposits consist of glacial-marine sediments characterized by high numbers of dropstones. For the purpose of constructing a burial history model for the Nansen Basin Margin AU, we have modified the stratigraphy of Jokat and Micksch (2004) by subdividing unit IV into units IVa-c and inferring ages for these units from their downlap relations onto magnetic anomalies in underlying oceanic crust ( fig. 3 ).
Geologic Model for Assessment
The geologic model for the assessment of the Nansen Basin Margin AU is that the dominant petroleum system was derived from early and middle Eocene pelagic deposits that accumulated when the entire Arctic Ocean was a stratified, euxinic basin isolated from the world's oceans. Petroleum having mixed terrigenous and marine kerogen characteristics was generated by burial beneath the thickest part of the passivemargin clinoform section formed from sediments transported across the Barents-Kara continental margin. The reservoirs are hypothesized to be located in slope and submarine-fan sandstones that interfinger with the condensed-facies source rock strata but might also include nonmarine and shallow-marine strata deposited in rift grabens at the time of opening of the Eurasia Basin. Stratigraphic traps in channel and lobe systems, in normal fault and growth fault traps, and in updip truncations on the continental slope are expected to provide the primary sites for petroleum accumulation. Along the continental margin, petroleum accumulations derived from Triassic and Jurassic source rocks of the Barents Sea platform succession that formed prior to opening of the Eurasia Basin might constitute an additional petroleum system in the AU.
Geological Analysis of Assessment Unit Probability
The probability that the Nansen Basin Margin AU contains at least one undiscovered accumulation equal to or greater than the minimum accumulation size of 50 MMBOE prescribed by the CARA methodology was determined from its geologic and petroleum system characteristics as reviewed below.
Charge.-Other than possible seismic evidence for the presence of gas in the upper part of the section (Geissler and Jokat, 2004) , there is no direct evidence of a petroleum system in the Nansen Basin Margin AU. If the depositional model of the Paleogene Arctic Ocean as an isolated stratified, euxenic basin (for example, Brinkhuis and others, 2006 ) is correct, the early and middle Eocene condensed interval found by scientific drilling on the Lomonosov Ridge probably was deposited in this AU ( fig. 7) . These source rock strata should be positioned in the lower part of the 4.5-km-thick stratigraphic section above oceanic crust near the continent-ocean transition where they would be likely be intercalated with coarser grained deposits shed from the adjacent Eurasia rift margin.
To investigate whether the early and middle Eocene source rocks would be thermally mature if present in the Nansen Basin Margin AU, a one-dimensional thermal history model was constructed at pseudowell NBM located on seismic line 20010100 of Jokat and Micksch (2004, fig. 2 ) (figs. 1 and 2). The pseudowell corresponds to the location of sonobouy 2101 on their seismic profile and is located in the deepest part of Nansen Basin overlying oceanic crust that is here inferred to be late Paleocene. Assuming the age model shown in figure  6 and our model of declining heat flow with time due to cooling of the underlying oceanic crust, the early and middle Eocene interval would have begun to enter the oil window in the Miocene and currently much of the interval is in the oil window (Ro=0.85) ( fig. 11 ). This suggests that hydrocarbons would have been generated and preserved across much of the deepest, older part of the basin if the early and middle Eocene source rocks are present. Generation earlier than Miocene is possible locally in deep rift basins such as Sophia Basin.
Although data are sparse, the thickness of Cenozoic sedimentary rocks overlying continental crust in the southern part of the Nansen Basin Margin AU is less than about 2 km, and thus the Cenozoic stratigraphic section is probably insufficiently thick to have generated hydrocarbons by sedimentary burial of the early and middle Eocene source rocks. Moreover, it seems unlikely that the Eocene source rocks were deposited on the margin of the Barents and Kara Seas because the margin was probably emergent due to Paleocene rift-related uplift. Therefore, charge in this part of the AU would have to have been derived from source rocks in pre-rift strata. Good quality source rocks of Jurassic and Triassic age are known on the Barents shelf and have sourced known petroleum accumulations in the Barents Sea. The Nansen Basin Margin AU, however, lies almost entirely north of the axial part of the rift shoulder uplift. Therefore, the area of the Triassic and Jurassic source rock strata in the AU would be limited to a narrow zone between the continental margin on the north and the tectonic hinge line of the rift shoulder to the south, thus limiting the fetch of the source rocks for generation caused by burial beneath Cenozoic sediments ( fig. 7) .
If the Triassic and Jurassic source rocks generated hydrocarbons prior to rifting, however, petroleum could have migrated out of depocenters on the Barents Shelf and into prerift basin-margin traps in the AU. Bitumen accumulations are widespread in Franz Joseph Land and are found in Early Cretaceous volcanic units as well as in sedimentary units (for example, Bezrukov, 1997) , indicating that long-distance migration in the middle or Late Cretaceous is plausible. This scenario would appear to be limited, however, to the area where the AU transects the Uralian-Taimyr foreland basin deposits near Franz Joseph Land.
On the basis of this analysis, an uncertainty factor of 0.4 was assigned for the charge parameter for the Nansen Basin Margin AU. This level of uncertainty is mildly unfavorable and reflects the uncertain presence of good quality source rocks in the AU, the lack of knowledge about heat flow, and the uncertain possibility for sufficient charge from pre-rift successions on the continental margin to fill traps larger than the minimum size. The hypothetical petroleum system along the Eurasian flank of the Nansen Basin is classified as the Nansen Basin Mesozoic-Cenozoic composite total petroleum system (appendix 2).
Rocks.-Because of the lack of seismic or well data outside of the few seismic lines in Geissler and Jokat (2004) , very little is known about reservoir facies and traps in the Nansen Basin Margin AU. Bathymetric data suggest the presence of submarine fans along the base of the continental slope, implying that channel and fan lobe siliciclastic deposits may be the most abundant reservoir types. Seismic data suggest that some of these deposits may be coarse grained (Geissler and Jokat, 2004) . These fans probably represent the final site of accumulation of sediments transported northward from extensive source areas in the igneous and metamorphic highlands in Europe during the Cenozoic, particularly during periods of low sea level stand and, therefore, should have good reservoir quality. Numerous slump deposits along the continental margin in the western part of the AU (Geissler and Jokat, 2004) and the irregular bathymetry of the fans elsewhere along the continental slope indicate that slumps are a common feature in the AU. This suggests that slope basins containing ponded sedimentary strata may be a common trapping configuration if they contain pods of reservoir-quality sandstone.
Although displaying evidence of growth-fault systems, shelf-margin facies and other features that could form excellent traps for petroleum, the Cenozoic slope and terrace deposits identified by Geissler and Jokat (2004) seem to be relatively thin (2-3 km) compared to similar deposits along the continental slopes of Canada, Alaska, and East Siberia in the Amerasia Basin. They also seem to lack large displacement growth faults similar to those observed in these other passive margin sequences (see for example, Grantz and others, 1990; Sekretov, 2001; Houseknecht and others, 2012a) . Unlike the deposits of those margins, the Cenozoic deposits of the Barents-Kara Seas margin appear to be dominated by glacial-marine sediments deposited during the Plio-Pleistocene. The origin and thickness of sediment filling the Saint Anna and Voronin Troughs is uncertain but the bathymetric expression of the troughs suggests that they could represent major valleys excavated by ice sheets during Pleistocene lowstands (Kristoffersen, 1990) . If correct, these observations may also suggest that much of the upper part of the submarine fans at the base of the Nansen Basin continental slope consists of glacial sediments deposited in the Plio-Pleistocene.
In Franz Joseph Land, the Jurassic and Cretaceous deposits consist of shallow-marine and delta-plain deposits that have a thickness of about 2 km. These strata, composed of sediment derived from the Uralian and Taimyr deformational belts, are overlain and intruded by Cretaceous basalts (Embry, 1994) . The reservoir properties of the coarse-grained intervals in these deposits are unknown but appear to be good in Jurassic sandstones in Franz Joseph Land (Bezrukov, 1997) . Stratigraphic traps are likely to be present and structural and combination traps caused by extensional faulting and the rift unconformity are also possible. However, the traps and reservoirs may have been degraded by the abundant mafic dikes and sills related to the Early Cretaceous High Arctic Large Igneous Province (HALIP) that intrude the sequence (Embry, 1994) .
A third depositional system that could contain good quality reservoir facies and trapping configurations in the Nansen Basin Margin AU are the earliest basin-fill deposits that were deposited in rift grabens such as Sophia Basin during the riftopening phase of the Eurasia Basin. These basins have a high probability of containing coarse clastic material derived from the margins of the basin and nonmarine and shallow-marine depositional environments. High heat flow associated with opening of the Eurasia Basin and subsequent deep burial, however, may have caused diagenetic alteration that was destructive to porosity.
Based on these considerations, a rock probability of 0.7 is assigned to the Nansen Basin Margin AU. This level of uncertainty is moderately favorable based on what is known fig. 2 for pseudowell location). Stratigraphic section, shown in figure 6 , column D, underlain by oceanic crust formed at ~58 Ma. Stratigraphic position of good quality early and middle Eocene source rocks identified in Arctic Coring Expedition (ACEX) core from Lomonsov Ridge shown with dark shading; hypothesized source rocks shown by light shading. Model suggests that early and middle Eocene source rock interval has been in the oil window since the Miocene. about other continental margins in the Arctic but reflects the relatively thin sediment cover and lack of data about this continental margin.
Timing and Preservation.-Modeling suggests that hydrocarbon generation in the Paleogene source rocks in deeper parts of the Nansen Basin Margin AU began in the late Paleogene and is occuring today due to continuing subsidence and sedimentary deposition in northern parts of the AU. Potential reservoir facies and stratigraphic traps in Cenozoic deposits developed prior to, or during the time of generation (fig. 11) . The reservoir facies lie in close proximity to, and probably interfinger with, the Paleogene source rock strata. Extensional faulting along the margin largely predates deposition, allowing pelagic and hemipelagic facies to provide seals for stratigraphic and structural traps. For these reasons, the timing and preservation are considered to be excellent for charging of these reservoirs.
To the south on the continental margin, charging of preCretaceous reservoirs is complicated by rift-related thermal uplift and formation of a rift shoulder unconformity during formation of the Eurasia Basin in the late Paleocene. This erosion resulted in removal of the Triassic and Jurassic source rocks and Jurassic and Cretaceous reservoir rocks in both the eastern and western parts of the AU, leaving suitable facies remaining only in the Franz Joseph Land-Saint Anna TroughVoronin Trough area. Charging from pre-Cretaceous source rocks would have to have predated the uplift because subsequent burial has been inadequate to cause renewed generation. Any sequestered accumulations, however, probably have been degraded by expansion due to uplift and increased heat flow during rifting in the late Paleocene or were prone to leakage caused by extensional faulting related to the rifting. Thus, the timing and preservation parameter for charging from pre-Cretaceous source rocks seems to be unfavorable.
Based on the favorable conditions for charging of Cenozoic traps from Paleogene source rocks in base-of-slope submarine fan reservoirs, a timing and preservation probability of 0.9 was assigned.
Overall Geologic Probability.-The geologic probability of the presence of an accumulation of minimum size in the Nansen Basin Margin AU, the product of the three geologic and petroleum system probabilities discussed above, is 0.252 (appendix 2). This level of probability suggests that there is a 25 percent chance that the proper conditions to form at least one oil or gas accumulation of minimum size (50 MMBOE recoverable) exists in this AU. This probability, determined from the geology of the AU, was compared to the proabilities of other AUs evaluated by CARA to ensure internal consistency.
The overall probability of 25 percent for the Nansen Basin Margin AU is greater than the 10-percent minimum necessary for a quantitative assessment following CARA methodology (Charpentier and Gautier, 2011; Charpentier, 2017, this volume) . Accordingly, an assessment of the sizes and numbers of undiscovered accumulations, the petroleum composition, and other properties for this AU was completed and is discussed below.
Quantitative Assessment of Nansen Basin Margin Assesment Unit
The assessment of the Nansen Basin Margin AU utilized the analog-based assessment methodology described in Charpentier and Gautier, 2011; Charpentier, 2017, this volume) (appendix 2).
Analogs Used in this Assessment
Analog assessment units were selected from the USGS World Analog Database (Charpentier and others, 2008) for the purpose of estimating the number and sizes of undiscovered oil and gas accumulations in the Nansen Basin Margin AU. The analog AUs selected for use in this assessment consist of the same suite of analogs employed by Houseknecht and others (2012a) 
Numbers of Undiscovered Oil and Gas Accumulations
The number of undiscovered accumulations was estimated from the discovered and undiscovered accumulations in the analog AUs normalized by area (that is, accumulation densities) as determined from the area and geologic characteristics of the Nansen Basin Margin AU. The median of the total accumulations was estimated to be 22, about half of that estimated for the much thicker Canadian Amerasia Basin passive margin (Houseknecht and others, 2012a) . In view of the limited data from the Nansen Basin Margin AU, the minimum number of accumulations was set at 1. The maximum number of accumulations was set at 75, about half of the average maximum of the selected analogs, reflecting the lesser duration and thickness of the Eurasia Basin passive margin sequence.
The minimum, median, and maximum ratios for oil/gas mix were set at 0. 1, 0.4, and 0.7, respectively . These values reflect the measured mix of oil and gas products from the early and middle Eocene source rock strata (Mann and others, 2009 ) and the proximal position of the Nansen Basin Margin AU to sources of terrigenous kerogen on the Barents-Kara Seas Shelf. Using this estimate of oil/gas mix, the minimum, median, and maximum numbers of oil accumulations were partitioned among oil and gas accumulations. The minimum,
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The 2008 Circum-Arctic Resource Appraisal median, and maximum number of accumulations consisting principally of oil (all undiscovered) accordingly are estimated to be 0, 8, and 53, respectively, whereas the minimum, median, and maximum numbers of accumulations consisting primarily of gas (all undiscovered) are estimated to be 1, 13, and 68, respectively.
Sizes of Undiscovered Oil and Gas Accumulations
The minimum size of oil accumulations was set at the minimum accumulation size of 50 MMBOE prescribed for the CARA assessments (Charpentier and Gautier, 2011; Charpentier, 2017, this volume) . The maximum and median oil accumulation sizes were estimated to be 2,000 and 100 MMBO, respectively, by comparison with the analog set and through consideration of the geologic attributes of the Nansen Basin Margin AU. Using an energy-volume equivalence factor of 6, the minimum, median, and maximum gas accumulation sizes were set at 300, 600, and 12,000 BCFG, respectively.
Coproduct Ratios and Ancillary Data
Coproduct ratios (gas/oil, natural gas liquids (NGL)/gas, liquids/gas) were estimated from global averages from the analog set reported in Charpentier and others (2008) . For the Nansen Basin Margin AU, median gas/oil ratio for undiscovered accumulations was estimated to be 1,000 cubic feet of gas per barrel of oil (CFG/BO); median NGL/gas ratio was estimated to be 25 barrels of natural gas liquids per million cubic feet of gas (BNGL/MMCFG); and median liquids/gas ratio in undiscovered gas accumulations was estimated to be 25 barrels of liquids per million cubic feet of gas (BLIQ/MMCFG). Median API gravity was estimated to be 38. Drilling depths for undiscovered accumulations were estimated from the available seismic data, and water depths within the AU were taken from Jakobsson and others (2004) . Drilling depths estimated for both oil and gas accumulations range from 500 to 4,500 m, with a median of 2,000 m. Estimates of water depths range from 100 to 3,500 m, with a median of 2,000 m.
Results
Probabilistic estimates of volumes of undiscovered, technically recoverable hydrocarbons for the Nansen Basin Margin AU are summarized in table 1. These results include mean estimates of 364 MMBO oil, 568 BCF gas in oil fields (associated and dissolved gas), nearly 3.4 TCF gas in gas fields (nonassociated gas), and 106 MMB natural gas liquids. The mean largest expected oil accumulation is calculated at about 400 MMBO and the mean largest expected gas accumulation is calculated at nearly 3 TCF.
Nansen Basin Assessment Unit
The Nansen Basin AU contains no petroleum exploration wells and seismic data in this basin are extremely sparse. This level of exploration places the Nansen Basin into uncertainty category 4 on the scale used by the USGS for the Circum-Arctic Resource Appraisal (Charpentier and Gautier, 2011) (appendix 3).
AU Description
The Nansen Basin AU consists of the Barents Abyssal Plain, which covers the deepest part of the Nansen Basin ( fig. 1) . Its southern and eastern boundaries are the base of the continental rise along the Barents, Kara, and Laptev Sea continental margins and the northern and western margins are the limits of sedimentary deposits of significant thickness on the southern flank of the Gakkel Ridge. The boundaries of the Nansen Basin AU correspond to those of others (2010, 2011) for ocean basin sediments in Nansen Basin. The AU lies entirely north of the Arctic Circle and has an aerial extent of 299,000 km 2 . It rests on oceanic crust at water depths of more than 3,000 m in most areas and at more than 4,000 m east of Yermak Plateau.
The AU is poorly known because of the lack of wells and seismic data. Jokat and Micksch (2004) reported that the oceanic crust beneath the sedimentary succession of the AU has relief of 1-2 km because of the presence of many seamounts, but the crust shallows systematically northward toward the Gakkel Ridge ( fig. 3 ). Clinoform reflectors in the basin onlap the oceanic crust from the south, indicating that the basin has largely been filled by hemipelagic sediments and turbidites derived from the Barents-Kara continental margin. However, bathymetry deepens gradually from east to west, suggesting the Lena Prodelta at the eastern end of the basin has acted as a secondary source for sediment transported longitudinally westward through the basin. The largest thicknesses of sedimentary deposits are located along the southern margin of the AU and totals about 3 km of sediments ( fig. 2 ).
Geologic Model for Assessment
The geologic model for the assessment of the Nansen Basin AU hypothesizes that early to middle Eocene condensed-facies source rock strata similar to those recovered by scientific drilling on the Lomonosov Ridge were deposited at or near the base of the sedimentary succession in Nansen Basin. Maturation due to sedimentary burial beneath basin sediments resulted in generation of petroleum, which migrated into nearby stratigraphic traps in intercalated and (or) overlying turbidites shed from the Eurasia continental margin. The potential traps were sealed by pelagic and hemipelagic mudstone units intercalated in the stratigraphic section.
Geological Analysis of Assessment Unit Probability
The probability that the Nansen Basin AU contains at least one undiscovered accumulation equal to or greater than
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the prescribed minimum accumulation size of 50 MMBOE was determined from its geologic and petroleum system characteristics as reviewed below.
Charge.-There is no direct evidence of a petroleum system in the Nansen Basin AU. If the depositional model of the Paleocene to Miocene Arctic Ocean as an isolated stratified, euxenic basin (for example, Brinkhuis and others, 2006) is correct, the early and middle Eocene condensed interval found by scientific coring on the Lomonosov Ridge should be present in this AU ( fig.7) . On the basis of its stratigraphic position, the condensed interval probably interfingers with coarser grained deposits that were shed from the Eurasia continental margin. If the condensed facies source rock strata are limited to the early and middle Eocene as recognized on the Lomonosov Ridge, however, the condensed facies would be restricted to the southern part of the AU because the oceanic crust to the north is too young to be overlain by deposits of this age (figs. 3 and 7). If, on the other hand, condensed deposition lasted into the early Miocene as allowed by the late Eocene and early Miocene stratigraphic relations on the Lomonosov Ridge, then condensed facies strata could have been deposited throughout the AU.
To investigate whether the early and middle Eocene source rocks would be thermally mature if present in the Nansen Basin AU, a one-dimensional thermal history model was constructed at pseudowell NB located at sonobouy 2104 near magnetic anomaly 22 (~52 Ma) on seismic line 20010100 of Jokat and Micksch (2004, their fig. 2 ) (figs. 2 and 12). We divided the 3 km-thick section into units using a stratigraphic model modified from Jokat and Micksch (2004) (fig. 6, column D) . Assuming this model of sedimentation and using our model of declining heat flow with time due to cooling of the underlying oceanic crust, the early and middle Eocene interval would not have been buried deeply enough to enter the oil window ( fig. 12 ). Because this location is near the southern margin of the AU where sediments are the thickest, there is a low probability of generation from the Paleogene source rocks in most parts of this AU.
On the basis of this analysis, an uncertainty factor of 0.3 was assigned for the charge parameter for the AU. This level of uncertainty is moderately unfavorable and reflects the uncertain presence of good quality source rocks in the AU and the likelihood that thermal maturation is insufficient to cause generation, but includes uncertainty about the paleoheat flow in the AU. The hypothetical petroleum system in the Nansen Basin is classified as the Nansen Basin Cenozoic composite total petroleum system (appendix 3).
Rocks.-The clinoform geometry of seismic reflectors suggests that the sedimentary succession in the Nansen Basin contains numerous turbidites derived from the Eurasia continental margin possibly deposited preferentially during times of low stands of sea level. These strata could form good reservoir facies if thick enough and sufficiently coarse-grained. The location of the AU far from the continental margin, however, suggests that the sedimentary section is dominated by distal turbidite facies that probably consist of thin and fine-grained sedimentary units. This would suggest that reservoir facies in the AU have low permeability, although channel and lobe facies associated with major feeder systems might be present locally and provide good reservoir facies. Traps would be dominantly stratigraphic because the section shows little evidence of deformation.
A rock probability of 0.3 is assigned to the Nansen Basin AU. This moderately unfavorable level of uncertainty was assigned because of the thin and fine-grained sedimentation units that are expected to dominate in the AU.
Timing and Preservation.-Turbidites derived from the continental margin were deposited on the condensed source rock strata and may interfinger with the source rocks, suggesting a close proximity that is favorable for charging of the reservoirs ( fig. 12 ). If generation was delayed, however, there is an increasing probability that porosity and permeability might have been diagenetically reduced. There is no evidence of tectonic events that might have caused leakage from traps and reservoirs.
Based on the favorable conditions for charging of Cenozoic traps from Paleogene source rocks in base-of-slope submarine fan reservoirs, a timing and preservation probability of 0.9 is assigned.
Overall Geologic Probability.-The geologic probability of the presence of an accumulation of minimum size in the Nansen Basin AU, the product of the three geologic and petroleum system probabilities discussed above, is 0.081 (appendix 3). This level of probability suggests that there is an 8 percent chance that the proper conditions to form at least one oil or gas accumulation of minimum size (50 MMBOE recoverable) exists in this AU. This probability, determined from the geology of the AU, was compared to the probabilities of other AUs within the Circum-Arctic Resource Appraisal to ensure internal consistency within the CARA.
The overall probability of 8 percent for the Nansen Basin Margin AU is less than the 10 percent minimum prescribed for a quantitative assessment (Charpentier and Gautier, 2011; Charpentier, 2017, this volume) . Accordingly, an assessment of this AU was not undertaken.
Amundsen Basin Assessment Unit
The Amundsen Basin AU contains no petroleum exploration wells and seismic reflection data are limited to a few lines (for example, Jokat and others, 1995; Jokat and Micksch, 2004; Kristoffersen and others, 2004) . This level of exploration places the Nansen Basin into uncertainty category 4 on the scale used by the USGS for the Circum-Arctic Resource Appraisal (Charpentier and Gautier, 2011) (appendix 4) .
AU Description
The Amundsen Basin AU encompasses the Pole Abyssal Plain, which extends across the deepest parts of Amundsen Basin ( fig. 1) . The northern margin of the AU marks the onlap of Amundsen Basin sediments onto the Lomonosov Ridge and its southern boundary is the limit of sedimentary deposits of measurable thickness on the northern flank of the Gakkel Ridge. The eastern limit of the AU is placed at the foot of the Laptev Prodelta and the western limit at a transform fault inferred by others (2010, 2011) to bound Eurasia Basin oceanic crust and continental crust beneath Morris Jessup Rise. These boundaries correspond to the extent of ocean basin sediments in Amundsen Basin shown by others (2010, 2011) . The AU lies entirely north of the Arctic Circle, includes the North Pole, and has an aerial extent of 351,000 km 2 . It rests on oceanic crust at water depths of more than 4,000 m except at its far eastern and western limits where water depths are less than 4,000 m.
The sedimentary section in Amundsen Basin rests on oceanic crust that has 0.5-2 km of relief. The oceanic crust rises southward toward the Gakkel Ridge from its deepest levels of burial about 50 to 100 km south of the Lomonosov Ridge others, 2010, 2011) (fig. 4) . Sedimentary fill has a maximum sediment thickness of 3,200 m close to the Lomonosov Ridge and thickness declines to less than 500 m on Gakkel Ridge at the southern edge of the AU (Jokat and others, 1995) . The section was divided into eight seismic units by Jokat and others (1995) (fig. 6 , column E). The three lowermost units (AB-1 to AB-3) dip away from the Lomonosov Ridge (southward) and are composed of passive-margin sediments derived from the ridge before it subsided below sea level at about 50 Ma. Near the Lomonosov Ridge, these units compose more than half the thickness (~1,700 m) of the Amundsen Basin sedimentary succession. The upper five units record pelagic and turbidity current deposition after the ridge subsided below sea level and significantly lower sedimentation rates prevailed. Sedimentary sources during this time were located in Siberia and Greenland at the eastern and western extremes of the Amundsen Basin AU; therefore, turbidites in this part of the section are thought to be thin and very fine grained.
Geologic Model for Assessment
The geologic model for the assessment of the Amundsen Basin AU hypothesizes that early to middle Eocene condensed-facies source rock strata similar to those recovered by scientific drilling on the Lomonosov Ridge were deposited at or near the base of the sedimentary succession in Amundsen Basin. Maturation due to sedimentary burial beneath basin sediments resulted in generation of petroleum. The petroleum migrated into nearby stratigraphic traps in underlying coarsegrained sediments derived from the Lomonosov Ridge and was sealed by pelagic and hemipelagic deposits deposited after the ridge subsided below sea level.
Geological Analysis of Assessment Unit Probability
The probability that the Amundsen Basin AU contains at least one undiscovered accumulation equal to or greater than the prescribed minimum accumulation size of 50 MMBOE was determined from its geologic and petroleum system characteristics as reviewed below.
Charge.-There is no direct evidence of a petroleum system in the Amundsen Basin AU. If the depositional model of the Paleocene to Miocene Arctic Ocean as an isolated stratified, euxenic basin (see Brinkhuis and others, 2006 ) is correct, it seems likely that the early and middle Eocene (~50 to 44 Ma) condensed interval found by scientific drilling on the Lomonosov Ridge was deposited in this AU as suggested by Mann and others (2009) . The condensed interval probably overlies the coarse-grained deposits derived from the Lomonosov Ridge before the ridge subsided below sea level at about 50 Ma. If the condensed facies source rock strata are limited to the early and middle Eocene as recognized on the Lomonosov Ridge, the source rock facies would be restricted to the northern half of the AU because the oceanic crust to the south is too young for deposits of this age ( fig. 7) . If, on the other hand, condensed deposition lasted into the early Miocene as allowed by the missing 44 to 18 Ma interval in the ACEX cores, then condensed facies strata could have been deposited throughout most of the AU. Migration pathways for charging coarse-grained reservoir facies presumed to lie beneath the condensed strata are probably required for this petroleum system to be effective.
To investigate whether the early and middle Eocene source rocks would be thermally mature if present in the Amundsen Basin AU, a one-dimensional thermal history model was constructed at pseudowell AB located at sonobouy 9110 near magnetic anomaly 24 (~56 Ma) on seismic line 91098 of Jokat and others (1995, their figs. 9 and 11) (figs. 2 and 13). We adopted the age model of Jokat and others (1995) for the 2.7-km-thick section. Using our model of declining heat flow with time due to cooling of the underlying oceanic crust, the burial history model suggests the early and middle Eocene interval would not have been buried deeply enough to enter the oil window, although Paleocene strata may have become thermally mature shortly after deposition due to high sedimentation rates and high heat flow. Because this location is in the older part of the Amundsen Basin where a relatively thick section is present, there is a low probability of generation from the early and middle Eocene source rocks anywhere else in this AU. Mann and others (2009) , in contrast, suggested that the source rock interval would be thermally mature throughout the Amundsen Basin. Their conflicting results stem from their assumptions of constant, high heat flow (~110 mWm -2 ) not provided for in our burial history model.
The 2008 Circum-Arctic Resource Appraisal
On the basis of this analysis, an uncertainty factor of 0.2 was assigned for the charge parameter for the AU. This level of uncertainty is strongly unfavorable and reflects the uncertain presence of good quality source rocks in the AU, the high likelihood that thermal maturation is insufficient to cause generation, and the position of the primary reservoir facies stratigraphically beneath the source rock facies, which would require downward migration for charging. The hypothetical petroleum system in the Amundsen Basin is classified as the Amundsen Basin Cenozoic Composite total petroleum system (appendix 4).
Rocks.-Prior to 50 Ma when the Lomonosov Ridge was emergent, coarse-grained clastic sediments that would make good reservoirs were probably deposited along much of the Lomonosov Ridge where the sedimentary section is thickest. Because these strata were deposited less than 10 Ma after the onset of seafloor spreading, prospective depositional facies may include alluvial and shallow-marine strata as well as turbidite channel and lobe strata accumulated as the newly formed oceani crust subsided and the basin matured. However, the size of drainage systems on the Lomonosov Ridge at this time probably was small because of the limited extent of the ridge, suggesting that the most prospective facies might be those deposited in syntectonic rift basins located close to the Lomonosov Ridge and in early passive margin sediments deposited shortly after opening of the Eurasia Basin when erosive forces were most active on the ridge. Considering the narrowness of the Eurasia Basin in the early Paleogene, it nonetheless remains possible that sedimentary fans shed from the Eurasian margin may have spilled across the young Gakkel Ridge spreading center and into the Amundsen Basin, depositing southerly derived wedges of strata having good reservoir characteristics. The thickening of seismic unit AB-3 (~49 to 46 Ma) toward Gakkel Ridge reported by Jokat and others (1995) (fig. 4) , for example, could be ascribed to sediment derived from the Eurasian margin.
After the submergence of the Lomonosov Ridge at ~50 Ma, the Amundsen Basin became largely isolated from sources of coarse-grained sediment that would provide reservoir facies for petroleum accumulations. The provenance of sediments during this period are distant source areas in Greenland and Siberia. The primary reservoirs expected for this interval probably are turbidite channel facies emanating from those source areas during times of low sea level stand. Such systems would be similar to the Plio-Pleistocene turbidite channels described by Kristoffersen and others (2004) in the western part of this AU.
A rock probability of 0.4 is assigned to the Amundsen Basin AU. This level of uncertainty is mildly unfavorable because of the thin and fine-grained sedimentation units that are expected in the AU and the limited extent of favorable facies that were created by erosion of the Lomonosov Ridge prior to its submergence at ~50 Ma.
Timing and Preservation.-The presumably coarsegrained rift and passive-margin deposits derived from local sources on the Lomonosov Ridge continental margin that would constitute the best reservoir facies were deposited below the early and middle Eocene condensed source rock strata (figs. 4, 8) . The close proximity of these facies, although requiring downward migration, probably is favorable for charging the reservoirs. Migration into local turbidite channel and lobe deposits in Eocene and younger strata would also be favorable. If generation was delayed after deposition, however, there is an increasing probability that porosity and permeability might have been diagenetically reduced. There is little evidence of tectonic events that might have disrupted traps and reservoirs in this AU.
Based on the favorable conditions for charging stratigraphic traps from Paleogene source rocks, a timing and preservation probability of 0.9 is assigned.
Overall Geologic Probability.-The geologic probability of the presence of an accumulation of minimum size in the Amundsen Basin AU, the product of the three geologic and petroleum system probabilities discussed above, is 0.072 (appendix 4). This level of probability suggests that there is a 7 percent chance that the proper conditions to form at least one oil or gas accumulation of the minimum size (50 MMBOE recoverable) exists in this AU. This probability, determined from the geology of the AU, was compared to the probabilities of other AUs to ensure internal consistency within the CircumArctic Resource Appraisal.
The overall probability of 7 percent for the Amundsen Basin Margin AU is less than the 10 percent minimum necessary for a quantitative assessment (Charpentier and Gautier, 2011; Charpentier, 2017, this volume) . Accordingly, an assessment of this AU was not undertaken.
Summary of Assessment Results
The assessment results for the Eurasia Basin Province are listed in table 1. Estimates are provided for the Lena Prodelta and the Nansen Basin Margin AUs; the Nansen Basin and the Amundsen Basin AUs were not quantitatively assessed owing to their low probabilities of containing resources. These estimates represent fully risked, undiscovered, technically recoverable, conventional petroleum resources.
The total risked mean undiscovered oil resource for the Eurasia Basin Province is 1.342 BBO, the total mean undiscovered gas resource is 19.475 TCF, and the total mean undiscovered natural gas liquids is 520 MMB. These results indicate that the predominant petroleum resource in the province is gas. Expressing the results as oil equivalents (MMBOE), the total mean estimate of undiscovered resource for the province is 5,108 MMBOE. The F50 results of 0 for oil, gas and natural gas liquids in the province has less than a 50-percent chance of containing any petroleum resources at or above the minimum accumulation size of 50 MMBOE (table 1). Despite the low probability of there being petroleum resources above the minimum accumulation size in the province, the F5 results (that is, the best 5 percent chance) indicate that there is a small possibility of large amounts of petroleum resources being present, particularly gas resources (more than 75 TCF). Much of this resource would be expected to occur in the Lena Prodelta AU (55 TCF), if present. (Wygrala,1989) Paleowater fig. 2 for pseudowell location). Stratigraphic section, shown in figure 6 , column E, is underlain by oceanic crust formed at ~54 Ma. Stratigraphic position of good quality early and middle Eocene source rocks identified in Arctic Coring Expedition (ACEX) core on Lomonsov Ridge shown with dark shading; hypothetical source rock interval shown with light shading. Model shows that source rock interval is immature.
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The 2008 Circum-Arctic Resource Appraisal Table 1 . Assessment results for the Eurasia Basin Province (conventional undiscovered resources).
[MMBO, million barrels oil; BCFG, billion cubic feet gas; MMB, million barrels. Oil field sizes in MMBO; gas field sizes in BCFG. Results shown are fully risked estimates. Undiscovered gas resources are the sum of gas in oil fields and gas in gas fields. For gas fields, all liquids are included as NGL (natural gas liquids). F95 denotes a 95 percent chance of at least the amount tabulated; other fractiles are defined similarly. Numbers do not exactly add to the totals because totals were calculated by statistical aggregation. Gray shading indicates not applicable. AU, assessment unit. AU probability is the chance of at least one accumulation of minimum size within the AU. Nansen Basin Mesozoic-Cenozoic composite total petroleum system.
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Nansen Basin Cenozoic composite total petroleum system.
